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E-pHEMTs gaining favour 
for 3G wireless 
At the GaAs IC Symposium a panel session “So 
What’s Your Technology Good For?” posed the 
question “Do we really need all the various tech- 
nologies?” (in wireless handset applications).The 
choices range from silicon CMOS and LDMOS 
through silicon-germanium to GaAs (in the form 
of MESFETs, pHEMTs, HBTs and more recent 
enhancement-mode pHEMTs) and InP HBTs, 
with each technology showing good pertorm- 
ante for some select applications, but not all 
(with perhaps the exception of the E-pHEMT). 
Ali Khatibzadeh of ANADIGICS (one of the first 
companies to produce InGaP HBTs on 6” GaAs 
wafers) emphasized how, for power amplifier 
modules GaAs HBTs are preferred since they are 
rugged and reliable (with InGaP HBTs better 
than AlGaAs HBTs), with good high-temperature 
performance and linearity for CDMA-1X/W- 
CDMA. 
advantages of compact multi-throw switches, 
good isolation and low insertion loss. 
For RF transceivers, SiGe BiCMOS can be 
used. 
Bipolar transistors, says Khatibzadeh, are more 
for linear applications than silicon LDMOS, and 
have a higher power density. FETs are better than 
HBTs for low noise and ruggedness (particularly 
for SiGe, though InGaP HBTs have a higher 
breakdown voltage). 
Isao Yoshida of Hitachi’s Semiconductor and IC 
Group promotes LDMOS for high output power, 
efficiency and high thermal stability (presented 
in his absence by moderator Jan-E& Mueller of 
Itimeon).A 0.3 unr-long gate (Al-shunted for low 
resistance), a birds-beak gate (for high break- 
down voltage) and V,, = 3.6 V operating at 1.4 V 
and 2 GHz gives power-added efficiency of 55% 
(on a par with GaAs FETs, though the use of sili- 
For RF switch filter modules, GaAs pHEMT are con-on-insulator LDMOS increases PAE to 70%). 
best (competitive with silicon), but have the Power gain is greater than for GaAs pHEMTs. 
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Khatibzadeh says LDMOS does have an advan- 
tage in terms of noise in the receive band, but 
“InGaP can make it [the deficit] up”.This is espe- 
cially so for 3G, which will be driven by cost 
reduction and integration (for which LDMOS 
is limited to discrete devices) rather than 
performance. 
Mitsubishi’s Norhari Suematsu (another absent 
Japanese speaker, whose presentation was 
given by Mueller) highlights that, although 
the present market for CMOS/BiCMOS MMICs 
is for cell phones and cordless phones at 
frequencies below 2.5 GHz, expected markets 
at 5-6 GHz include WLAN and ETC (in 
Japan)/DSRC (Japan, US) for which system 
MMICs (integrating m, IF, PLL and baseband 
functions) are needed (particularly for the 
4G wireless generation). 
He claims that, for system-on-chip integration, the 
following silicon-based technologies can com- 
bine the following functions: 
SiGe bipolar junction transistors:TRX + PLL 
(+ PA); 
BiCMOS (SiGe):TRX + PLL + logic (+ PA); 
CMOSTRX + PLL + logic. 
He adds that, for CMOS, power amplifiers are 
critical: 0.18 urn CMOS enables 5 GHz Class AB 
complementary push-pull PAS with 14 dBm 
power output and PAE = 37% (suitable for 
WLAN, ETC/DSRC (10-20 dBm) and even for 4G 
as driver amps. 
Wayne Struble of M/A-COM’s Integrated 
Semiconductor Business Unit (which makes 
GaAs MESFETs) acknowledges that the 
performance of E/D-MESFETs is bettered by 
E-pHEMTs (e.g. for up/down-converters for 
CDMA). In comparison, SiGe’s integration 
capabilities are good, but it is lossy (e.g. with a 
higher current, I, = 9.0 mA compared to 2.5 
mA for E-pHEMTs) and requires more passive 
devices off-chip. 
Struble summarizes the good and bad points 
for each technology for various applications in 
Table 1. 
Olin Hartin of Motorola outlined that its 
E-pHEMTs haveVthreshold = O.GVV,,, = 1.8Vi.e. 
high linearity and low turn on. Integration is 
good (for example, a zeropower-consumption 
RF switches plus power amplifiers for multi- 
mode/multi-band applications). 
Michael Murphy of Infmeon Technologies 
reiterated the suitability of HBTs to power 
amplifiers and pHEMTs to switches and 
LNAs/down-converters (for CDMA). PHEMTs 
have the best noise figure (especially for PCS), 
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less than half the current for a given linearity, 
and fewer external components (claiming 
that, for dual-band/tri-mode CDMA, even 
SiGe-focused colleagues send them customers’ 
specs if they can’t meet performance 
requirements). 
Regarding price, Hartin claims that the cost for 
6” GaAs wafers is 8 cents/mm2, compared to 
about 6 cents/mm2 (US$40/sq-in) for Hitachi’s 
LDMOS, while the process is less complex 
and the masks and fabs are lower cost so, for 
equivalent integration, the price of GaAs is 
competitive. 
Also, he adds that, for SiGe power amplifiers 
on a transmit chip, the level of integration is not 
high yet. 
Regarding InP Ron Grundbacher of TRW says 
that it has InP DHBTs in production (which 
have fr = 80 GHz and exhibit a Power Added 
Efficiency of 84% at 10 GHz in 3G W-CDMA 
modules). 
Grundbacher claims a low knee voltage and a 
low off-set voltage of < 50 mV Reliability is 
better than GaAs HBTs, he claims. 
Also, he says, InP HEMTs LNAs have the 
advantage compared to GaAs of low noise and 
power (e.g. for VSAT applications), while 
for power amplifers the PAE is higher than 
GaAs HEMTs. 
Khatibzadeh says he doesn’t foresee a dramatic 
shift in technology for 3G. It will look at InP 
technology (which is “intriguing”), but it has 
to be lower cost. Meanwhile, InIlneon’s 
Murphy says that he can see 3G migrating to 
E-pHEMTs. 
Ill-Vs REVIEW THE ADVANCED SEMICONDUCTOR MAGAZINE VOL 15 - NO I - Jan/Feb 2002 
